The  more  sel 
I  you  are  about  dial  mi 
thebetterweiook. 

Talk  to  most  so  called 
“networking  companies”  about 
point-to-point  dial  networking 
and  you’ll  probably  get  a  big 
song  and  dance,  but  very 
few  products. 

Codex,  on  the  other  hand, 
offers  a  complete  repertoire  of 
dial  modem  solutions.  To  meet 
any  need. 


We  offer  a  full  line  of 
2400  bps  modems,  proven  in 
benchmark  studies  to  be  more 
accurate,  more  reliable  over 
degraded  lines  than  any  other 
modems  on  the  market. 

We  offer  Bell-compatible 
and  international  modems. 

We  even  offer  modems 
that  have  a  sophisticated 
error-correcting  feature. 

The  fact  is,  we  offer  the 
most  complete  dial  modem 
line  in  the  industry. 

Which  means  one  thing: 
when  you  talk  to  a  Codex 
applications  expert  you’re 
talking  to  a  person  who 
can  be  totally  objective  in 
recommending  products 
for  your  environment. 

Maybe  that’s  why  in  a 
|  recent  industry  wide  survey 
we  were  chosen  as  the 
preferred  modem  supplier.* 
Maybe  that’s  why  you 
should  be  talking  to  us,  too. 

Dial  800-426-1212. 

Ext.  224.  Or  write 
Codex  Corp. 

Dept. 

707-224, 

20  Cabot 
Boulevard, 

Mansfield  _  _  ^  w 

MA  02048.  COCK2X 


You  didn't  read  that  number  wrong. 
IRMA’s  Fastlink,  the  new  high-speed 
Asynchronous  modem  for  IBM  and 
most  compatible  PCs,  can  send  data  at 
10,000 bps,  more  than  eight  times  faster 


Available  both  as  a  plug-in  card 
and  as  a  standalone  unit,  Fastlink  is 
both  212Aand  103  compatible.  That 
means  it  will  slow  down  automatically 
to  accommodate  Hayes  modems. 

But  Fastlink  isn't  just  fast  It’s  also 
accurate.  Its  unique  technology  gives 
you  error-free  transmission  over  all 
types  of  lines,  even  those  lines  with 
high  noise  levels. 

In  fact,  if  inferior  line  quality  does 
necessitate  a  lower  transmission  rate, 
Fastlink  does  something  other  high¬ 
speed  modems  can't  do.  It  adjusts  its 
speed  incrementally  a  few  bps  at  a 
time.  So  you  can  continue  to  transmit 
at  the  highest  speed  possible.  Other 
modems  now  on  the  market  drop  their 
speeds  dramatically  or  even  worse,  - 
stop  transmitting  altogether. 

What's  more,  Fastlink  works  with 
the  new  Crosstalk-Fast,™'  an  enhanced 
version  of  the  popular  Crosstalk-XVP 
software  that  has  established  itself  as 
a  leader  in  communications. 

So  you  don't  have  to  experiment 
with  new  communications  software. 

Finally  Fastlink  comes  to  you  from 
the  people  who  gave  you  IRMA,™*  the 
most  successful  PC-to-mainfiame 
communications  link  in  the  world. 

In  short,  Fastlink  is  fast,  accurate 
and  easy  to  use.  And  it's  compatible 
with  your  way  of  working. 

The  bottom  line  is  this:  Fastlink  lets 
you  reduce  transmission 
costs  while  you 
increase  your 
productivity 

Call  1-800- 
241-IRMAto 
find  out  more 
about  the  new 
modem  from  DCA  that’s 
leaving  the  competition  in  the  dust 
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IT’S  TIME  SOMEONE  BROUGHT  YOU  A  MICRO/MAINFRAME 
APPLICATION  YOU  CAN  USE  NOW 

INDAX/WP 

THE  SITUATION .  ...  Those  PC  Users  of  yours  have  been  developing  a  lot  of 

work  product  that's  pretty  important  to  them.  It  makes 
sense  that  all  these  efforts  (word  processing  documents, 
spreadsheets,  mailing  lists,  etc.)  would  be  a  lot  more  valu¬ 
able  if  they  could  be  centrally  stored,  comprehensively  in¬ 
dexed  and  easily  shared  with  other  people  throughout  your 
organization.  As  a  matter  of  fact,  it  might  even  help  every¬ 
one  work  smarter  and  more  productively  if  they  could  use 
the  work  product  that  someone  else  had  already  labored 
over  instead  of  re-inventing  the  wheel.  Unfortunately,  up 
until  now  there  have  been  a  few  troublesome  problems  inhi¬ 
biting  this  thoroughly  logical  idea. 

THE  PROBLEM . .  For  example:  your  IBM  mainframe  would  seem  like  the  ideal 

place  to  centrally  store  and  index  this  work  product;  but 
then,  how  do  the  Users  get  their  documents  and  spread¬ 
sheets  to  the  host?  How  do  they  index  them  so  they  are 
properly  described?  And  how  does  someone  else  find  out 
what’s  there  and  then  somehow  get  it  down  to  their  own 
PC  where  it  will  do  them  some  good? 

THE  SOLUTION .  Pilgrim,  your  search  is  ended. 

INDAX/WP  (for  work  product)  does  all  of  this  and  more. 
INDAX/WP  is  a  micro/mainframe  application  software  pro¬ 
duct  which  interactively  integrates  IBM-compatible  PC  de¬ 
vices  with  an  IBM  mainframe  host.  INDAX/WP  includes:  vir¬ 
tual  disk  storage,  user-oriented  menu  driven  operation, 
easy  access  and  retrieval  of  mainframe  stored  work  pro¬ 
duct  and  support  for  a  wide  variety  of  PC  to  mainframe 
emulation  links. 

THE  ICING .  Best  of  all  INDAX/WP  isn't  some  sketchy  outline  of  general¬ 

ized  system  software  that  “lets”  you  develop  the  applica¬ 
tion  (and  do  all  the  work  in  the  bargain)...  INDAX/WP  “is” 
the  application.  It  comes  complete  and  ready  to  use  (no 
assembly  necessary). 

Think  about  how  happy  your  PC  Users  will  be  when  they 
leam  that  INDAX/WP  provides: 

THE  FEATURES .  ..  •  Central  indexing  and  storage  of  work  product  from  IBM 

or  compatible  PC’s. 

•  Over  a  dozen  different  indexed  fields  per  document  in¬ 
cluding:  name,  author,  keywords,  location,  etc. 

•  Easy  to  use  menu  driven  index  search  screens  with  bool¬ 
ean  connectors. 

•  Sharing  of  work  product  among  PC  work  stations  and 
printers. 

•  PC  software  independence  (INDAX/WP  doesn’t  care 
what  PC  application  programs  your  Users  are  working 
with). 

•  Fast,  dependable  back-up  and  archiving  facilities. 

•  Ninety-nine  levels  of  security. 


THE  NUMBER  Call  us  at:  1-800-344-9908  or  in  Pennsylvania: 

TO  CALL .  215-657-0647. 


EASTERN  INFORMATION  SERVICES,  INC. 

2500  Maryland  Road 
Willow  Grove,  PA  19090 

INDAX/WP  Is  a  product  of  INDAX  Systems  aKL£  ^  xmct  NUMB£>  K 


“I  worry  that  the  more  computer 
equipment  we  buy, 
the  fewer  choices  we’ll  have” 


“I  know  what  I’d  choose’.’ 
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‘AT&T.” 
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Wherever  you 
paves  the  way  for 

Lots  of  computers  do  their  jobs  well.  They  satisfy 
your  current  demands  and  probably  make  some  allow¬ 
ance  for  the  future. 

But  what  happens  when  the  future  demands  fuller 
integration?  Closer  interaction  with  different  manu¬ 
facturers’  equipment?  When  you’re  heading  for  office 
automation,  where’s  the  best  place  to  start? 

With  AT&T  equipment,  you  needn’t  worry.  Because 
AT&T  Computer  products  are  designed  to  fit  your 

needs  now,  and 

■  accommodate 
them  as  they 
evolve  or  grow. 
That  means 
AT&T  Compu- 

-  X*  ters  with  port- 

J  able  software. 
J  Modular, 
expandable 

•  r>TT1.  7  systems  that 

"’’’V  ^  » /  work  with  those  of 

^  other  vendors.  Data 

^  products  that  work 
^  across  company  lines. 

Networking  equipment 

to  take  you  from  local  processing  all  the  way  to  main¬ 
frame  connectivity. 

The  point  is  that  integrating  your  office  shouldn’t 
involve  abandoning  the  equipment  you  already  own. 
Nor  indefinite  servitude  to  a  single  supplier. 

AT&T  has  designed  its  computer  products  to  help 
you  achieve  complete  office  automation  regardless  of 
where  you  begin. 

Points  of  Entry. 


upgrade  to  the  AT&T  PC  6300  PLUS  as  your  needs 
grow. 

The  AT&T  PC  6300  PLUS  gives  you  greater  power 
and  speed  to  access  even  more  information  faster.  And 
with  the  option  of  running  UNIX™SystemVin  addition 
to  MS-DOS  applications,  you  get  the  advantages  of 
true  multi-taskingcapabilities. 

Likewise,  the  AT&T  UNIX  PCproduct  line  bridges 
the  gap  between  UNIX  System  V  and  DOS  applica¬ 
tions  with  a  new  DOS-73”  Coprocessor.  The  Model 
7300  can  be  upgraded  to  a  UNIX  PC  Model  3B1  with 
all  the  power,  memory  and  storage  you  need  to  handle 
the  demands  of  up  to  five  simultaneous  users. 

When  you  need  to  step  up  to  departmental  power, 
look  to  our  3B  Computer  line.  These  powerful 
machines  communicate  among  themselves,  other 


start,  AT&T's  full  line  of  computer  products 
a  smooth  growth  path  to  the  future. 


ip 


be  linked  at  both  local  and 
departmental  levels  through 
systems  like  AT&T  3BNET 
and  the  AT&T  STARLAN 
NETWORK 
When  you  want  to  reach 
beyond  the  departmental 
level,  AT&T’s  connectivity 
products  can  link  your  sys¬ 
tem  to  any  computer  that 
supports  industry  stan¬ 
dard  protocols. 

With  AT&T  3270/ 
SNA  or  3270/BSC 
Emulators-  Soft¬ 
ware,  you  gain 
access  to  mainframe 
k  applications  tradition- 
ally  reserved  for  3278 
display  station  users. 

And  for  even  more  access,  there’s  the  AT&T  Applica¬ 
tion  Program  Interface.  This  allows  3B  users  to  pro¬ 
cess  mainframe  data  using  the  resident  applications 


UNIX  System  V-based 
machines,  as  well  as  MS-DOS 
PCs  and  mainframes  sup¬ 
porting  3270  protocols. 

The  3B’s  stretch  from  super¬ 
micro  to  supermini,  and  they’re 
all  true  32-bit  machines, 
which  run  UNIX  System  V 
As  a  result,  object  code 
compatibility  makes  applica¬ 
tion  software  portable.  And 
with  the  available  hardware 
upgrades,  that’s  good  news: 

You  don’t  have  to  reinvent 
the  wheel  each  time  you  raise 
the  speed  limit. 

That’s  part  of  what  we 
mean  when  we  talk  about 
“The  Computers  With  The 
Future  Built  In.” 

Smooth  Traffic  Flow. 

AT&T  offers  a  broad  line  of  both  asynchi 

synchronous  data  products  designed  to  work  with  r__„ - „ - , - . 

what  you  already  nave  and  with  what  you  may  eventu-  For  corporate  networking  needs,  the  AT&T  Informa- 

’ly  want.  tion  Systems  Network  (ISN)  brings  your  whole  office 

Our  teleprinters  and  dot  matrix,  line  or  letter  quality  information  system  smoothly  into  line. 

The  Road  to  Success. 


printers  work  with  virtually  any  PC  or  minicomputer. 
All  it  takes  is  a  standard  communications  interface. 

When  it  comes  to  terminals,  AT&T’s  line  stretches 
all  the  way  up  to  the  modular,  3270-compatible  AT&T 
6500  Multifunction  Communication  System.  With  its 
windowing  capabilities,  this 
system  wfll  simultaneously 
m  ■  connect  to  multiple  syn- 

chronous  and  asynchro- 

SSI^^^SScS  nous  hosts. 

>  The  final 

C*  1%  .  link  in  the 

information 
chain  is  data 
communications 
equipment,  and 

ajm-moo  f  AT&T  has  it  all.  From 

asynchronous  and  synchronous  modems  right  up  to 
the  evolving  DATAPHONE’II  line  of  analog  modems, 
digital  service  units  and  multiplexers. 

They’re  all  designed  to  work  together,  maximize 
your  network’s  flexibility  and  minimize  your  down¬ 
time. 

The  Information  Map. 

AT&T  offers  a  number  of  ways  to  share  information. 
Computers,  peripherals  and  even  PBX  switches  can 


You  want  the  best  possible  investment.  Yk  can  de¬ 
liver  it  with  the  best  possible  investment  protection.  , 
By  designing  “The  Computers  With  The  Future 
Built  In,”  AT&T  supports  those  industry  standards 
that  encourage  the  smoothest  growth  path. 

It  makes  good  business  sense  to  make  computers 
work  together.  Old  or  new,  our  own  or  somebody  else’s. 
As  your  needs  grow  and  as  technology  changes,  AT&T 
Computers  will  allow  you  expansion  without 
obsolescence. 

r  next  purchase  decision,  let  us 
nnoldforyc  "  " 


sAT&T 

'The  right  choice. 


TECHNOLOGY  INSIGHT 


New 
Growth 
In  Hybrid 
Networks 

1\'  JAMES  GHERMAN 


Cost-effectiveness  will 
always  be  the  major 
factor  in  network  de¬ 
sign,  but  this  goal  will 
no  longer  be  ade¬ 
quately  met  by  detailed  tuning  and 
analysis  of  specific  configurations. 
Today’s  networks  change  too  fre¬ 
quently  and  their  use  is  extremely 
difficult  to  predict.  It  is  no  longer 
wise  to  save  a  few  percent  on  over¬ 
head  at  the  expense  of  having  a 
rigid  protocol  architecture  that 
will  be  difficult  to  adapt  to  future 
uses.  Similarly,  it  is  shortsighted 
to  configure  a  network  so  that  all 
lines  are  utilized  at  90%  because 
this  limits  the  rapidity  of  bringing 
on  future  applications  and  users. 

Instead,  the  most  progres¬ 
sive  network  managers  are 
purposely  designing  networks 
with  excess  capacity,  using  a 
concept  of  bandwidth  inven¬ 
tory.  Cost-saving  measures  in 
such  a  context  must  focus  on  the 
provisioning  of  expensive  net¬ 
work  resources,  most  notably 
transmission  capacity.  Large  gov- 


educe  the  cost  of  providing  net-  ization  can  protect  itself  against  nological  and  operational  conse- 
vork  service,  in  some  cases  by  the  uncertainty  inherent  in  today’s  quences.  Diversity  increases  the 
iver  25%.  The  most  innovative  telecommunications  marketplace,  network’s  flexibility  to  adapt  to 
rnes  are  experimenting  with  hy-  Diversification  is  a  well-known  changing  requirements  and  irnio- 
jrid  networks  that  combine  the  strategy  for  dealing  with  an  uncer-  vations  in  telecommunications 
jest  features  of  many  different  tain  future;  a  diversely  supplied  technology, 
iources  of  transmission.  network  provides  significant  ad-  Hybrid  networks  provide  an 

By  using  a  variety  of  transmis-  vantages  to  the  network  manager  evolutionary  approach  for  dealing 
lion  media  and  supplies,  an  organ-  who  can  conquer  the  resulting  tech-  with  the  rapid  changes  in  telecom- 

_ munications  technology.  As  one 

source  of  transmission  (for  exam¬ 
ple,  the  dedicated  9.6K  bit/sec 


user  needs,  the  most  beneficial 
new  technologies  (such  as  T-l  cir¬ 
cuits)  can  be  systematically  em¬ 
ployed  to  meet  new  requirements. 
The  result  is  that  old  technologies 
eventually  die  out  while  the  best  of 
the  new  rise  in  importance.  Such  a 
strategy  requires  experimentation 
with  new  technologies  and  new 
sources  of  transmission  as  well  as 
a  network  architecture  that  can 
cope  with  heterogeneity. 

Innovation  in  obtaining  trans- 
1  mission  capacity  can  take  many 
forms.  Many  large  users  are  start¬ 
ing  to  purchase  their  own  facilities 


bypass  the  telephone 
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Can 

Managers 
Ride  the 
Communications 
Wave? 


Communications  is  nev¬ 
er  dull  these  days. 
That  point  was  driven 
home  again  when  a 
number  of  questions 
posed  recently  to  a  random  sam¬ 
pling  of  corporate  managers  re¬ 
vealed  some  interesting  attitudes 
about  communications. 

Least  surprising  was  the  atti¬ 
tude  of  corporate  telecommunica¬ 
tions  managers  toward  divesti¬ 
ture;  nearly  all  considered  it  more 
of  a  short-term  curse  than  a  cure, 
citing  a  gamut  of  problems  from 
long  lead  times  for  circuit  installa¬ 
tions  to  ineffective  maintenance. 

On  the  brighter  side  was  the 
positive  attitude  toward  alterna¬ 
tives  such  as  Integrated  Services 
Digital  Network  (ISDN),  fiber  op¬ 
tics  and  teleconferencing.  Though 
ISDN  is  really  only  a  concept  now, 
most  surveyed  managers  dis¬ 
played  a  good  knowledge  of  its 
technology,  benefits  and  repercus¬ 
sions  to  their  firms  and  telecom¬ 
munications  overall. 

If  anything,  today's  corporate 
information  managers  on  both  the 
data  and  voice  sides  showed  a 
sharp  instinct  and  awareness  of 
the  importance  of  new  communi¬ 
cations  technologies  to  the  com¬ 
petitive  advantage  of  their  firms.  It 
was  not  always  this  way. 

"The  first  step  was  to  take  voice 
and  move  it  into  MIS,"  explained 
Tom  Martin,  vice-president,  mar¬ 
keting  support  at  Comdisco,  Inc., 
a  Chicago-based  remarketer  of 
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computer  and  telecommunica¬ 
tions  equipment.  “The  second 
step  was  to  develop  an  information 
umbrella  group  controlled  by  a 
chief  information  officer.  Though 
voice  became  part  of  MIS,  they  are 
reporting  as  peers  to  this  informa¬ 
tion  officer.” 

Martin  was  describing  Comdis- 
co’s  own  experience  at  reorganiz¬ 
ing  its  internal  data  and  voice 
structures,  but  he  added  that  the 
same  sort  of  reorganization  has 
been  underway  in  the  past  few 
years  with  about  50%  of  Comdis- 
co’s  clients.  “There  is  a  significant 
movement  to  pull  voice  and  data 
together  under  one  information 
umbrella,  but  structure  MIS  more 
around  its  old  expertise  in  applica¬ 
tions  and  data  bases.  Telecom¬ 
munications  has  risen  in  status 
with  divestiture,  but  it  is  also  per¬ 
ceived  to  be  important  enough  to 
be  put  under  more  control. ' ' 

Gaining  control  over  telecom¬ 
munications  seems  to  have  be¬ 
come  a  rallying  point  for  many 
corporations  after  what  most  con¬ 
sider  the  chaos  following  divesti- 

“Divestiture  has  left  us  with  a 
mess  of  multiple  billings  and  mis¬ 
takes,  calls  from  multiple  vendors, 
and  we’re  constantly  reconfigur¬ 
ing  our  networks  to  offset  tariff 
changes,”  Scottie  Hoffman,  direc¬ 
tor  of  communications  at  Encyclo¬ 
pedia  Britannica,  Inc.,  Chicago, 
explained.  "It’s  not  that  life  is 
harder  after  divestiture,  there’s 


They 

live  together. 

They  might  as  well 
talk  to  each  other. 


Your  PC  and  IBM  System  34/36/38  spend  a  whole  workweek 
under  the  same  roof.  But  if  they’re  not  communicating, 
they’re  not  as  productive  as  they  could  be. 

That’s  why  Tecmar  created  the  5251/11  Emulator.  With  it, 
your  IBM  PC,  XT,  AT,  or  compatible  can  communicate 
with  your  System  3X  by  emulating  an  IBM  5251-11,  5291, 
or  5292-1  terminal. 

In  addition  to  emulation,  the  5251/11  will  let  you  use  the 
Tecmar  QIC-60™,  a  sixty  megabyte  tape  system  to  back  up 
data  on  your  System  3X. 

Compatibility  isn’t  a  worry.  The  5251/11  supports  all  IBM 
System  3X  and  file  transfer  software.  The  printer  you  have 
now  will  work  as  a  host-addressable  printer.  And  it’ll  be  able 
to  run  at  full  speed  -  up  to  600  lines  per  minute. 

What  won’t  the  half-sized  board  5251/11  do?  It  won’t  slow 
down  a  DOS  application  or  host  session  while  you’re 
printing.  And  it  won’t  cost  nearly  as  much  as  a  System  3X 
terminal  and  printer. 

To  find  out  how  the  5251/11  Emulator  can  help  in  your 
office,  visit  your  Tecmar  dealer.  Or  call  us  at  (216)  349-1009. 

And  start  a  productive  friendship. 


M 


6225  Cochran  Road,  Solon,  Ohio  44139-3377 
Telephone:  (216)  349- 1009;  Telex:  466692 
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just  more  to  do.  Getting  everything  under  ■■  ed  MIS  and  telecommunications  as  peers, 

control, is  a  big  factor."  in  the  survey  almost  all  managers  on  the 


Steve  Johnson,  director  of  corporate 


plained.  "Interfaces  between  AT&T 
pretty  well  defined,  but  the  local  co 


Most  questioned  companies  listed  MIS  and 
telecommunications  as  peers,  in  the  survey 
almost  all  managers  on  the 
telecommunications  side  reported  to  MIS. 
MIS  is  definitely  in  the  driver’s  seat  and  is 
strengthening  its  position  further  by 
controlling  the  growth  of  data 
communications  at  the  departmental  level. 


"Prior  to  divestiture  AT&T  at 


g.  especially  at 
„ms  such  as  AT&T's  Alliance.  a« 
implemented  and  used. 


For  example,  Johnson  at  Fluor  Br 


io  conferencing  system 


USER  SURVEY 


nics.  Grand  Trunk  Western  F 
Detroit  is  laying  fiber  cable  al 
of  its  railway  tracks  to  create  ai 
cross-country  fiber  network. 


‘Most  local-area  network  vendors  can  pick  up 
from  this  layered  interface  that  IBM  has 
endorsed  with  its  Personal  Computer  and 
network  and  can  now  add  software  solutions 
and  market  that  product  against  IBM.  IBM 
has  really  just  laid  the foundations  for  the 
local-area  network  industry.  ’ 


TECHNOLOGY  TRENDS 


What’s 
Ahead  In 
Communications? 
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We  just  lost  Pittsburgh! 
Where’s  the  datacomm 
manager? 


Don’t  jump. 

Network  management. 

With  it,  you’re  on  top  of  the  world. 
Without  it,  you’re  a  goner. 

Hold  on. 

We’re  Infotron.  We  design, 
build  and  install  commun¬ 
ications  networks.  Reliable. 
Compatible.  Sophisticated 
networks  that  offer  single¬ 
point  control  and  real-time  monitoring. 

Our  AN M  Advanced  Network 
Manager,  coupled  with  a  990/992 NP 
Network  Processor,  can  pinpoint 
real  or  potential  trouble 
spots,  plus  eliminate 
costly  downtime  by  auto- j 
matically  rerouting  data.  w 
Control  yourself. 

Take  the  first  step:  Call 
1-800-345-4636. 
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Many  of  these 
roadblocks  to 
ocal-area  network 

The  Best  Modem 

Professional  Quality  at  an  And  can  t  online  FAST 

Aggressively  Competitive  Price 

now  beginning  to 
give  way  as  the 
market  begins  to 
get  on  with  the 
sedate  issues  of 
implementation. 

Now  our  1200/300  bps  Maxwell  Modem™  is  yours  for  because  Racal-Vadic  offers  special  CommuniKits1 

$295.  Or  a  2400  bps  model  for  $595.  with  all  the  hardware  and  software  you  need  to  start 

Not  a  stripped-down  mail-order  modem.  Not  one  communicating.  A  pre-wired  interface  cable  to  conne 

that  may  or  may  not  be  working  in  six  months.  But  a  the  Maxwell  Modem  to  your  computer.  And 

professional  quality  modem  with  all  the  right  bells  and  GEORGE®  Communications  Software— a  powerful, 

whistles,  from  the  most  experienced  manufacturer  of  easy-to-use  program  written  specially  for  Maxwell 

modems  in  the  United  States.  ,,  \\  1  Modems.  Onr  GEORGE' Software 

•  Auto-dial  and  auto-answer  \\  W  \V-  b  does  it  all  for  you:  automatic  diali 
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TECHNOLOGY  TRENDS 


How  do  we  integrate  multiple  network 


ways,  bridges  and  sophist! 
servers  are  now  beginning  to  emerge,  all 
aimed  at  addressing  this  important  issue 
of  integration. 

rfl  here  is  still  a  long  way  to  go  before 


ments  efficiently.  However,  the  availabil¬ 
ity  of  gateway,  bridge  and  server  technol¬ 
ogies  represents  an  important 


While  the  ability  to  integrate  data,  text,  im¬ 
age  and  voice  applications  from  competing 
vendor  systems  is  still  several  years  away, 
tjiere  has  been  some  movement  toward  the 
development  of  standards  during  the  past 
year.  Continued  development  of  standards 
for  integrated,  multivendor  network  architec¬ 
tures  will  be  one  of  the  most  rapid  areas  of 
technological  innovation  to  watch  this  year. 


_  ill  be  significant  announce¬ 
ments  in  network  gateway  technology 
over  the  next  year  as  user  organizations 
continue  to  demand  solutions  for  net¬ 
work  and  system  integration,  while  at  the 


tion  based  on  specific  requirements  and 
available  functionality. 

Gateway  solutions  can  often  be  quite 

bilities  can  be  added  to  most  networks  for 
a  few  thousand  dollars,  file-transfer  gate¬ 
ways  between  departmental  office  sys¬ 
tems.  such  as  Digital  Equipment  Corp.'s 
All-In-1  on  a  VAX  and  IBM  Distributed 
Office  Support  System  (Disossl  on  an 
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The  postdivestiture  pe¬ 
riod  has  been  one  of 
rapid  growth  and 
change,  a  catch-up 
and  get  ready  period. 
But  the  new  market  is  emerging 
from  growth  problems  that  have 
driven  it  erratically  on  a  year-to- 
year  basis,  with  pitfalls  for  those 
who  attempt  to  project  from  the 
past  to  the  future.  However,  esti¬ 
mates  of  its  long-range  potential 
as  "everyone’s  growth  market” 
remain  intact. 

Telecommunications  in  1986 
will  continue  to  stabilize  toward  a 
period  of  vendor  shakeout  and 
consolidation,  but  will  be  driven 
by  the  following  three  key  factors: 
technology,  the  end  user  and  prin¬ 
cipal  participants. 

The  supply  and  demand  formu¬ 
la  is  applicable  to  any  open  and 
competitive  market,  but  time  is  re¬ 
quired  for  the  formula  to  take 
hold,  particularly  in  a  telecom¬ 
munications  market  that  had  been 
dominated  by  a  single  participant 
as  well  as  regulated  for  a  long 
time.  In  addition  to  its  problems  of 
deregulation,  technology  is  going 
through  a  major  change  —  from 


electronic  to  optoelectronic  to 
photonic  —  with  a  move  in  pro¬ 
cess  to  fully-integrated  optical  and 
electronic  networks.  This  sub¬ 
evolution  will  be  a  key  factor  in 
1986-87,  with  new  generations  of 
optical  switching  and  processing, 
storage,  terminal  and  transmis¬ 
sion  systems  emerging  and  the 


bandwidth,  storage  capacity  and 
processing  speed  (toward  the 
gigabit  and  picosecond). 

The  end  user  is  the  key  to  the 
market.  Of  the  three  types  of  tele¬ 
communications  end  user  (mo¬ 
bile/personal,  residential  and  cor¬ 
porate),  the  corporate  end  user 
has  initially  been  driving  the  mar¬ 
ket  by  buying  or  not  buying.  As 
the  market  changes  from  five  pre¬ 
viously  separate  types  of  services 
and  networks  provided  by  five  sep¬ 
arate  industries  and  markets  to 
one  Integrated  Services  Digital 
Network  (ISDN),  the  end  user  is 
caught  in  the  middle  of  this  mar¬ 
ket  change.  The  .end  user  is  at¬ 
tempting  to  absorb  the  change 
and  the  new  market  basis  for  com¬ 
petition. 

The  ISDN  confronts  the  corpo¬ 


rate  end  user  with  several  prob¬ 
lems  that  will  take  time  to  resolve. 
The  first  problem  is  the  need  for 
planning,  implementing  and  oper¬ 
ating  an  ISDN,  which  are  awe¬ 
some  changes  in  many  cases.  Es¬ 
sential  communication  links 
cannot  be  disrupted.  The  imple¬ 
mentation  must  often  be  migra¬ 
tory  and  in  slow,  manageable 
steps.  Most  important,  a  new  strat¬ 
egy  and  organization  must  be  es¬ 
tablished  to  implement  the 
change. 

The  ISDN  is  an  essential  part  of 
a  corporate  information  resource 
and  requires  an  information  re¬ 
source  management  organization 
and  a  new  three-prong  telecom¬ 
munication  network  organization. 
The  planning  and  conversion  must 
migrate  five  networks  and  services 
into  one  ISDN  for  voice,  electronic 
data  processing,  automated  office, 
building  and  management  ser¬ 
vices.  The  plans  and  implementa¬ 
tion  schedules  must  be  in  place  be¬ 
fore  the  end  user  will  freely  buy 
replacement  and'  enhancement 
systems.  Moreover,  the  corporate 
end  user  will  prefer  to  buy  from  a 
complete  information  and  tele¬ 


communications  vendor  —  one- 
stop  purchasing.  The  market 
must  wait  for  as  well  as  adjust  to 
the  end  user. 

The  postdivestiture  environ¬ 
ment  has  created  a  dilemma.  The 
end  user  wants  advances  and  en¬ 
hancements  and  new  technology 
quickly  converted  to  market  prod¬ 
ucts  and  services.  The  vendor,  on 
the  other  hapd,  attempts  to  re¬ 
spond  to  these  end-user  require¬ 
ments  by  investments  in  research 
and  development  and  rapid  con¬ 
version  of  this  technology  in  the 
manufacture  of  new  products.  But 
this  causes  the  end  user  to  hesi¬ 
tate  to  purchase  —  to  delay  and 
wait  for  the  new  generation  in  or¬ 
der  to  guard  against  rapid  obsoles¬ 
cence  and  assure  a  reasonable  re¬ 
sidual  value  over  a  feasible  period 
for  the  investment.  Hedging  has 
caused  erratic  market  actions  over 
recent  years  as  telecommunica¬ 
tions  technology  moves  forward. 

The  year  1986  will  begin  a  peri¬ 
od  of  activity  and  consolidation. 
There  will  be  movement  away 
from  incompatible  devices  and  sys¬ 
tems  and  toward  the  development 
of  standards  and  an  ISDN. 


Now  fly  from 
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MAINFRAME 


INTRODUCING  THE 
NET/ONE  IBM  MAINFRAME 
CONNECTION. 

Our  new  NIU-74  and  NIU-78  Network  Interface  Units  are 
the  link  you've  been  waiting  for  between  your  IBM® 
Information  System  and  the  Net/One®  local  area  network. 
Now  you  can  switch  applications  without  switching 
terminals  or  chairs.  You  can  move  people  without  the  costly 
hassle  of  recabling  and  reconfiguring  systems. 

In  multi-system  installations,  you  can  get  more  appli¬ 
cations  out  to  more  users  with  fewer  terminals  and  printers, 
without  adding  more  remote  controllers.  The  NIU  74/78% 
port  rotoring  capability  lets  one  IBM  3274  serve  more 
devices.  And  you'll  get  locally-attached  performance  even 
for  devices  miles  away  on  large  broadband  systems. 

The  connections  are  made  from  your  IBM  3274 
controllers  to  Net/One  through  the  NIU-74s,  and  from  IBM 
3270  type  devices  through  the  NIU-78s.  The  devices  are 
plugged  in,  using  standard  connections;  a  standard  Net/One 
CONFIGURE  program  is  run  to  define  the  logical  network, 
and  you're  on  your  way.  From  any  terminal  on  the  network, 
to  any  mainframe,  any  controller,  any  application. 

And  since  Net/One  is  vendor-independent  and 
supports  all  major  LAN  technologies  ana  standards,  it's  the 
one  network  broad  enough  in  scope  to  handle  virtually 
every  connection  in  your  plans. 

You  get  the  additional  capability  you're  looking  for, 
without  compromising  your  existing  system  in  any  way. 

In  fact,  Net/One  enhances  the  value  of  the  investment  you 
have  in  your  existing  system. 

Both  NIU-74  and  NIU-78  are  available  now..  And,  like 
any  Net/One  product,  they  come  with  continuing  support 
from  our  experienced  field  service  personnel.  Give  us  a  call, 
and  let  us  help  you  get  going  host  to  host  without  going  from 
terminal  to  terminal.  Ungermann-Bass,  Inc.,  2560  Mission 
College  Blvd.,  Santa  Clara,  CA  95050,  (408)  496-0111. 

ill  Ungermann-Bass 

'-'The  Net/One  Company 
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A  Look 
at  IBM’s 
Token- 
Ring 
Network 


•B  Y-BRIAN  JEFFERY- 


Enter  IBM’s  Token- 
Ring  network,  and  the 
world  is  different. 
IBM's  announcement 
last  October  was  fol¬ 
lowed  by  a  barrage  of  third-party 
local-area  network  vendors  intro¬ 
ducing  Token-Ring  interfaces  and 
compatibility.  The  Localnet  and 
Comdex/Fall  '85  shows  were 
dominated  by  the  Token  Ring,  and 
the  next  few  months  saw  one  ven¬ 
dor  after  another  joining  the  To¬ 
ken-Ring  bandwagon.  Not  only 
did  IBM  commit  massive  technical 
resources  to  the  Token-Ring  over 
its  six-year  development  history, 
but  the  company  carefully  stage- 
managed  its  market  entry  to 
achieve  large  scale  third-party 
support  and  publicity.  Aggressive 


ly  matters  to  IBM. 

Why,  though?  The  company  is 
not  going  to  get  rich  from  $695 
adapters,  and  even  the  full  range 
of  Token-Ring  software  and  serv¬ 
ers  is  likely  to  represent  only  a 
small  component  of  its  large  ac¬ 
count  revenues  for  a  long  time  to 
come.  Moreover,  IBM  has  gener¬ 


ously  supported  third-party  local-  I 
area  network  competitors  in  devel¬ 
oping  compatibility  and  interfaces, 
has  turned  most  of  the  cabling  and 
installation  business  over  to  other 
companies  and  the  OEM  token¬ 
ring  interfaces  are  supplied  by 
Texas  Instruments,  Inc.,  not  IBM 
itself.  For  IBM.  establishing  the 
token-ring  standard  is  obviously 
the  key  priority,  not  selling  token 
rings. 

The  answer  has  much  to  do 
with  Systems  Network  Architec¬ 
ture  (SNA)  and  even  more  to  do 
with  twisted-pair  cabling. 

The  token-ring  architecture  is 
basically  a  derivative  of  SNA  and  is 
described  by  IBM  as  an  implemen¬ 
tation  of  the  SNA  providing  a 
higher-speed,  peer-to-peer  com¬ 


ating  at  the  equivalent  of  the  lower 
SNA  layers.  From  the  beginning. 
IBM  has  treated  the  system  as  an 
extension  of  the  SNA  environ¬ 
ment  It  is  part  of  the  broader  en¬ 
hancement  of  SNA  that  has  come 
to  include  the  Logical  Unit  6.2 
standard  (LU  6.2),  the  Document 
Interchange  Architecture/Docu¬ 
ment  Content  Architecture  (DIA/ 


DCA)  text  complex,  3270  Extend¬ 
ed  Data  Stream,  Scanmaster  im¬ 
age-processing  and  the  multiple 
host  session  technology  imple¬ 
mented  as  multiple  host  window¬ 
ing  on  the  IBM  3270  Personal 
Computer  line  and  the  IBM  3290 
plasma  display. 

In  the  future.  IBM  has  indicated 
that  SNA  will  also  be  expanded  to 
incorporate  voice  traffic  and  to 
support  Integrated  Systems  Digi¬ 
tal  Network  (ISDN)  communica- 

The  reasons  for  IBM's  SNA  em¬ 
phasis  are  basic  to  the  company's 
long-term  strategies.  IBM  has  put 
a  lot  of  effort  into  looking  at  the 
future  of  the  large  account  mar¬ 
ketplace,  and  the  company  is  veiy 
conscious  of  the  large-scale 
growth  in  information  traffic  like¬ 
ly  to  occur  here  in  the  future.  For 
IBM.  it  is  vitally  important  to  cap¬ 
ture  this  growth  under  the  SNA 
umbrella,  ensuring  that  personal 
computer  integration  occurs  un¬ 
der  SNA  protocols,  voice/data  in¬ 
tegration  occurs  from  the  data 
processing  rather  than  telecom¬ 
munications  sides  of  large  organi¬ 
zations  and  IBM  large  account 


revenue  streams  are  maintained 
and  expanded  into  the  21st  centu¬ 
ry.  With  the  slowdown  in  its  com¬ 
puter  markets,  ensuring  this  pro¬ 
cess  is  increasingly  important  to 
IBM  if  it  is  to  meet  its  long-range 
growth  targets. 

Few  would  doubt  IBM's  pros¬ 
pects  of  success,  and  most  of  the 
industry  tends  to  regard  IBM  as 
unbeatable.  There  is  thus  more 
than  a  little  irony  in  the  fact  that 
the  largest  threat  facing  IBM  in 
this  market  is  something  as  appar¬ 
ently  humble  and  inconsequential 
.  as  twisted-pair  wiring  for  tele¬ 
phones.  IBM's  problem  is  that 
there  is  a  vast  amount  of  the  stuff 
out  there  already  installed.  In  the 
average  large  end-user  organiza¬ 
tion,  there  is  typically  a  profusion 
of  IBM  3270  point-to-point  coaxi¬ 
al  and  twinaxial  cabling  for  sys¬ 
tems  such  as  the  System  36  or 
System/38.  IBM  already  controls 
that  to  a  greater  or  lesser  extent, 
and  for  new  buildings  IBM  has 
been  quite  successful  in  persuad¬ 
ing  end  users  to  install  the  more 
expensive  but  more  reliable  shield¬ 
ed  cables  of  IBM  Cable  System. 
Types  land  2. 


still  leaves  the  rest.  Telephones  her  and  twisted-pair  cal 
mected  over  unshielded  twisted-  to  hi  a  lot  more  attractiv 
re.  the  vast  majority  of  personal  bling. 


on  had  changed.  IBM  was  loi 
I  coaxial  local-area  network  v. 
more  at  the  likes  of  AT&T  a 


and  similar  ASCII  device  links  pose  a 
problem  for  IBM  in  that  the  growing  pop¬ 
ularity  of  IBM  3270-PC  protocol  conver¬ 
sion  systems  could  all  too  easily  undercut 
much  of  its  3270-PC  emphasis.  Allowing 


garded  its  main  competitor  as  Ethernet 
and  its  counterparts,  dedicated  local-area 
network  systems  operating  over  coaxial 
cable.  This  perspective  translated  into  a 
strategy  based  on  the  assumption  that  a 


Allowing  for  the  different  types  of  IBM 
coaxial  and  twinaxial  cabling  and  for  the 
existing  base  of  coaxial  local-area  network 
systems,  over  90%  of  end-user  devices  in 
large  accounts  are  still  up  for  grabs.  IBM  was 
late  to  recognize  the  implications  of  this.  In 
its  original  token-ring  plans,  it  seems  to  have 
regarded  its  main  competitor  as  Ethernet 
and  other  local  net  systems  operating  over 
coaxial  cable. 


•  compatibility.  It  later  transpired  that  IBM 
-  had  been  working  closely  behind  the 
A  scenes  with  the  likes  of  Ungermann-Bass. 

Inc.;  Corvuj  Systems.  Inc.;  3Com  Corp.; 
t  Nestar  Systems.  Inc.;  Bridge  Communi- 
.  cations.  Inc.;  Novell.  Inc.;  and  Proteon. 


being  enlisted  to  support  the  Token-Ring 
local-area  network  standard  against  the 
Private  Branch  Exchange  <PBX>  vendors, 
who  by  now  had  emerged  as  a  more  seri¬ 
ous  threat  to  IBM's  plans.  IBM  was  al- 


its  bets  with  a  Rolm  CBX  Il-based  scenar¬ 
io  owes  much  to  the  fact  that  the  Token- 
Ring  doesn't  work  very  well  on  telephone 
cabling.  This  would  not  have  been  too  se¬ 
rious  for  IBM  if  there  had  not  in  the 
meantime  emerged  a  field  of  vendors  who 
offered  systems  that  did. 
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Reception  of  the  IBM  Cabling  System  is  better  than 
that  for  the  Token-Ring  network.  Howeyer.  a  wait-and- 
see  attitude  continues  to  characterize  MIS  departments, 
and  even  many  of  these  end  users  who  have  installed 
IBM  Cabling  Systems  have  doubts. 


How  to  advertise  in 
every  major  computer 
market  in  the  world 
as  easily  as  you 
advertise  in  the  U.S. 


rewiring,  and  ««n  the  aggressive  pricing 
of  $695  for  a  token-ring  attachment  is 

^^^“'.hecompany  In  working  with 

has  gone  in  with  an  ace  up  its  sleeve.  IBM  leading 

rr.SJ'Xw  independent  local 

“^he  difference  has  much  do  with 

how  IBM  has  dealt  with  third  parties.  has  achieved  the 

That  aspect  rather  than  the  company’s  remarkable  COUp 

own  actions  may  prove  to  be  the  most  im-  .  r 

portant  part  of  the  token-ring  phenome-  OJ  having  WlOSt  OJ 

Z&  to  competitors 

has  achieved  the  remarkable  coupof  hav-  promote  ItS 

ing  most  of  its  Competitors  promote  its  nrndurt 

product.  The  IBM  introduction  of  its  To-  pmuuu.. 

ken-Ring  Network  in  October  of  last  year 
followed  hv  a  barrage  of  third-DartV 

rations  marketplace.  IBM  bought  into  nowdep 
*CI  Communications  Corp.  For  its  cellu-  can  moi 
ar  radio  system,  it  went  to  Motorola.  Inc.  Token-R 
ro  handle  Integrated  Services  Digital  penetrat 
Network  (ISDN)  technology.  IBM  recent-  base, 
y  announced  it  was  looking  for  a  partner 
n  this  area.  For  its  PC  Network.  IBM 
vent  to  Sytek.  Inc.  For  an  industrial  lo-  "W*  t  is 
:al-area  network,  it  went  to  outside  de-  1  gam 
.elopers  and  standards.  JL  sent 

This  time,  however.  ifJM  has  outdone  lished  lo 
tself.lt  has  mobilized  the  resources  of  all  as  Ethe 
he  major  local-area  network  vendors  to  emergin 
nake  up  for  its  own  design  shortcom-  AT&T.  1 
ngs.  an  achievement  no  other  vendor  commur 
:ould  have  managed  and  which  is  likely  is  a  con 
lo  have  a  more  important  competitive  ef-  ness.  Tl 
feet  against  the  PBX  vendors  than  any-  rently  vv 
thing  IBM  could  have  done  itself.  standarc 

The  effect  i$  likely  to  be  very  similar  to  take  mo 
that  which  occurred  with  IBM's  PCJine.  coveragi 

announcements  of  compatibility  and  out¬ 
breaks  of  token-ring  fever  at  the  Localnet  wprk  standard,  owed  much  of  its  success 

tially  increasing  IBM  market  penetration  built  up 
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A  data  base  in  a  large 
Northeastern  bank 
contained  biogra¬ 
phies  of  the  bank's 
top  executives.  One 
night  a  bank  employee  used  his 
microcomputer  to  gain  access  to 
the  data  base  and  alter  the  biogra¬ 
phy  of  one  of  the  executives. 
When  a  newspaper  requested  the 
officer's  biography,  the  computer 
printed  out  the  false  and  deroga¬ 
tory  one.  Only  the  sharp  eye  of  a 
secretary  saved  the  company  em¬ 
barrassment  and  red  faces. 

A  certain  oil  company  was  con¬ 
sistently  being  underbid  on  Alas¬ 
kan  oil  leases.  Puzzled,  but  sus¬ 
pecting  foul  play,  the  company 
launched  an  intensive  internal  in¬ 
vestigation  and  discovered  that  an 
employee  had  been  using  a  micro¬ 
computer  to  gain  access  to  sensi¬ 
tive  corporate  data  that  had  been 
.  left  on  microcomputer  hard  disks 

"Three  years  ago,  security  on 
micros  was  never  a  thought.”  ex¬ 
plained  Mike  Schwartz,  vice-presi¬ 
dent  of  Prime  Factors,  Inc.,  an 
Oakland.  Calif.,  consulting  firm. 
“Now  it's  an  afterthought.  In  a 


few  years,  security  will  be  thought 
of  as  part  of  the  entire  microcom¬ 
puter  package,  before  installa- 

Directors  of  MIS  are  increasing¬ 
ly  becoming  more  aware  of  securi¬ 
ty  for  microcomputers  and  local- 
area  networks  and  are  taking  a 
firm  look  at  what  information 
should  be  available  to  which  micro 

But  it’s  not  an  easy  task.  Secu¬ 
rity  controls  on  micros  are  turning 
out  to  be  a  difficult  bag  of  tricks  to 
handle.  Control  over  program 
changes,  data  security,  system 
documentation,  data  backup  and 
recovery  plans  are  an  inherent 
part  of  most  mainframe  installa¬ 
tions.  Not  so  with  micros,  and  the 
push  toward  local-area  networks 
and  micro-mainframe  links  is  dra¬ 
matically  bringing  the  problem  of 
securing  micros  and  networks  into 
the  open.  The  problem  of  micro 
data  security  is  exacerbated  by 
most  organizations  “not  knowing 
who  is  using  micros  and  lacking  a 
reliable  system  of  knowing  which 
users  are  interfacing  with  the 
mainframe."  according  to  a  recent 
research  report  from  Datapro  Re¬ 


Locai-area  networks  are  diffi¬ 
cult  to  secure.  There  is  the  danger 
that  any  micro  or  node  on  the  net¬ 
work  has  the  inherent  ability  to 
read  any  message  being  carried  on 
that  network.  "Networks  are 
broadcast  media.  They  were  de¬ 
signed  to  carry  information,  not 
conceal  it,”  according  to  Jay  Weil, 
manager  of  product  marketing  at 
Excelan,  Inc.,  a  maker  of  network 
products  located  in  San  Jose, 
Calif. 

More  corporate  micro  users  are 
also  beginning  to  wrestle  with  the 
sobering  reality  that  micro  securi¬ 
ty  threats  are  more  likely  to  come 
from  inside  the  company,  not  from 
the  outside  as  is  generally  be¬ 
lieved. 

At  the  General  Electric  Co. 
plant  in  Binghamton.  N.Y.,  Phil 
Mateo,  systems  engineer,  is  ex¬ 
panding  the  company's  local-area 
network  from  60  micros  to  100. 
(The  network's  security  protec¬ 
tion  software  was  purchased  from 
the  same  network  vendor  who  sold 
the  hardware  components.) 

Information  resident  on  the  net¬ 
work  consisting  of  sales  data  as 


well  as  customer  and  competitor 
profiles  is  of  a  nature  so  sensitive 
as  to  warrant  security  measures, 
Mateo  said.  With  the  network  ex¬ 
panding  so  rapidly,  however,  Ma¬ 
teo  said  the  vendor's  password 
protection  software  is  becoming 
less  flexible.  Like  much  of  the 
software  security  being  offered  by 
local-area  network  vendors,  Ma¬ 
teo's  password  protection  does 
not  extend  down  to  the  subdirec¬ 
tory  levels  of  micro  data  bases  on 
hard  disks.  The  assignment  of  lev¬ 
el  access  is  also  becoming  a  prob¬ 
lem,  Mateo  said,  because  of  the 
complicated  variables  involved  of 
assigning  more  people  to  more  ac¬ 
cess  levels  of  data.  "If  an  accoun¬ 
tant  has  been  assigned  access  to  t 
route  levels  up  to  45,  and  it  was 
suddenly  necessary  for  him  to  ac¬ 
cess  an  engineer's  files  above  50, 
he's  out  of  luck."  Mateo  ex¬ 
plained.  "In  a  way.  the  more  peo¬ 
ple  on  the  system,  the  greater  the 
security  limitations." 

In  the  meantime.  Mateo  is  mak¬ 
ing  sure  his  network  is  a  closed 
one.  The  original  plans  called  for 
dial-in  capability  from  the  outside, 
but  Mateo  claims  he  has  found  no 
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As  local-area  networks 
proliferate,  tradition¬ 
al  computer  categori¬ 
zations  may  fall  by 
the  wayside.  The  dis¬ 
tinctions  between  micros,  minis 
and  mainframes  may  weaken  as 
networks  assume  memory  and  in¬ 
formation-handling  proportions 
approaching  those  of  their  larger 
siblings. 

Peripheral  sharing  is  one  of  the 
most  important  reasons  organiza¬ 
tions  look  to  local-area  network 
solutions.  A  high-speed  laser 
printer,  hard  to  justify  in  a  single- 
user  environment,  becomes  cost- 
effective  when  shared  by  many  us¬ 
ers.  However,  along  with  such 
benefits  come  attendant  problems. 

A  recent  Computerworid  Focus 
survey  brings  these  issues  to  the 
surface.  Data  processing  manag¬ 
ers  and  consultants  repeatedly 
voiced  concern  that  corporations 
devote  some  attention  to  local- 
area  network  management.  As 
networks  blur  the  micro,  mini  and 
mainframe  lines  of  demarcation, 
new  levels  of  computer  confusion 
emerge  as  a  possible  scenario. 
Vendors  and  network  managers 


emphasized  that  a  network  of  10 
personal  computers  connected  to 
a  40M-byte  file  server  is  much 
more  than  the  sum  of  its  parts. 
Some  surveyed  managers  said  that 
a  local-area  network  of  10  person¬ 
al  computers  is  a  minicomputer 
system,  while  a  network  of  40  per¬ 
sonal  computers  connected  to  a 
400M-byte  file  server  should  be 
considered  a  mainframe.  And  all 
controls,  checks  and  balances  as 
well  as  security  issues  used  to  gov¬ 
ern  the  mainframe  should  be  ap¬ 
plied  to  this  local-area  network. 

Phil  Mateo  is  a  systems  engi¬ 
neer  with  General  Electric  Co.  in 
Binghamton,  N.Y.,  a  facility  that 
makes  flight  control,  engine  con¬ 
trol  and  weapon  control  comput¬ 
ers.  Most  of  the  employees  know 
computers  “inside  and  out,”  Ma¬ 
teo  said.  The  network  Mateo  man¬ 
ages  is  a  Fox  Research,  Inc.  Fox 
10-Net  with  at  least  60  personal 
computers  attached  to  it.  At  the 
present  time,  there  is  no  dial-up 
capability;  only  those  computers 
that  are  hard-wired  into  the  net¬ 
work  have  access  to  the  files.  Ma¬ 
teo  made  this  decision  because  the 
security  inherent  in  all  local-area 


network  systems  is,  in  his  opinion, 
unsatisfactory. 

Another  important  aspect  of 
network  control  is  the  question  of 
access  to  information.  Mateo’s  de¬ 
cision  to  limit  access  to  the  net¬ 
work  was  one  he  had  to  make  in 
order  to  get  a  successful  imple¬ 
mentation  at  GE.  When  sensitive 
information  exists  on  a  file  server, 
access  to  that  information  is  often 
assigned  on  a  need-to-know  basis. 
Assigning  levels  of  information  ac¬ 
cess  becomes  complex,  Mateo 
said. 

Now  that  his  network  is  up  and 
running  smoothly,  he  is  about  to 
turn  over  the  day-to-day  duties  to 
the  business  systems  staff  who 
will  take  over  the  role  of  network 
manager.  Mateo  sees  this  manage¬ 
rial  role  as  critical,  citing  a  current 
situation  at  GE  in  which  other  de¬ 
partments  are  installing  a  network 
with  little  regard  to  controls.  "I 
have  half  of  my  building  down 
right  now  because  something  is 
miswired.  Although  the  wiring  is 
basically  simple,  you  have  to  have 
a  coordinator  to  make  sure  that 
some  electrician  doesn’t  go  in 
there  and  add  2,000  feet  of  wiring 


to  your  network  and  bring  every¬ 
body  down.  Whenever  you  have 
problems,  you've  got  to  have 
somebody  troubleshooting,”  Ma- 

But  beyond  the  initial  installa¬ 
tion  of  the  system,  overseeing 
both  users’  day-to-day  activities 
and  the  network  itself  are  key  to  a 
successful  implementation. 

Greg  Todd  is  senior  systems  en¬ 
gineer  with  Policy  Management 
Systems  Corp.  (PMSC),  in  Colum¬ 
bia,  S.C.,  a  software  development 
company  that  works  primarily 
with  the  insurance  community. 
PMSC  has  about  300  users  on  16 
Novell,  Inc.  networks  at  its  1,600- 
employee  headquarters  building, 
plus  four  more  networks  in  satel¬ 
lite  offices  around  the  world. 
These  networks,  however,  are  not 
regarded  as  separate  entities.  "We 
have  a  very  sophisticated  inter¬ 
network  organization,  known  as 
'the  network,’  ”  Todd  said.  Cen¬ 
tral  storage  for  the  network  is 
presently  2.6G  bytes  of  disk  stor¬ 
age,  averaging  about  460M  bytes 
per  file  server. 

The  mammoth  size  of  PMSC's 
network  makes  it  more  like  a 
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Whether  or  not  vendors  can  provide  new  piece  ii 
help  necessary  to  train  network  man-  Brigham  You 
rs  is  a  moot  point,  according  to  Smith,  eventually 
lough  the  vendor  can  provide  the  neo-  ''You're ' 


he  large  [vendors)  lions  of  a  smoother  ride.  PMSC's  1 


‘If  you  don’t  have 
network 
administrators, 
the  project  is  going 
to  fail.  You  are 
going  to  end  up 
with  a  lot  of  chaos 
and  confusion...’ 

—  Fred  Zeltler 
Texas  Department  of  Agriculture 
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Peer-to-Peer 

Communications 


„  BY  RUDOLF  STROBL  „ 
&  EDUARDO  STECHER 


36  or  in  any  other  node  imple¬ 
menting  APPC.  But  while  peer-to- 


he  notion  of  IBM’s 
System  Network  Ar¬ 
chitecture  (SNA)  as  a 
hierarchical  relation¬ 
ship  between  termi¬ 
nals  and  mainframes  belongs  to 
the  past.  The  explosive  prolifera¬ 
tion  of  computer-based  worksta¬ 
tions,  office  systems,  computer- 
aided  design,  manufacturing  and 
engineering  (CAD/CAM/CAE) 
processors  and  minicomputers  is 
giving  way  to  the  evolution  of  dis¬ 
tributed  systems  within  SNA  net¬ 
works.  With  Advanced  Program- 
to-Program  Communication 
(APPC),  IBM  has  finally  begun  to 
respond  to  the  proliferation  of  in¬ 
telligent  nodes  (IBM  PCs,  Sys- 
tem/36,  System/38  and  local- 
area  networks  that  can  be 
considered  distributed  systems). 
APPC  is  an  SNA  term  that  encom¬ 
passes  the  various  protocols  and 
sets  of  options  defined  for  SNA 
nodes  (a  physical  unit,  PU,  with 
one  or  more  logical  units,  LU)  that 
supports  peer-to-peer  information 
exchange.  With  APPC,  for  exam¬ 
ple,  one  application  in  a  System/ 
36  may  communicate  directly  with 
an  application  in  another  System/ 


peer  communication  and  distribut¬ 
ed  networks  offer  greater 
networking  benefits  and  better  re¬ 
source  allocation  to  users,  they 
also  pose  a  new  challenge  to  net¬ 
work  managers  responsible  for 
SNA  networks. 

In  IBM  SNA  networks,  the  base 
of  any  information  exchange  is  a 
session.  Sessions  are  logical  con¬ 
nections  (which  may  include  sev¬ 
eral  physical  connections)  be¬ 
tween  two  LUs. 

Before  APPC,  at  least  one  of  the 
two  LUs  within  a  session  had  to  be 
in  the  mainframe.  Whenever  ter¬ 
minal  users  wanted  to  access  a 
business  application  program, 
they  logged  on  to  the  application 
via  the  communications  program 
in  the  mainframe.  Virtual  Tele¬ 
communications  Access  Method 
(VTAM),  for  example,  initiates, 
manages  and  terminates  ail  ses¬ 
sions  between  LUs.  In  other 
words,  LUs  are  subjected  to 
VTAM  logic  that  resides  in  the 
mainframe. 

Part  of  this  logic  is  the  System 
Services  Control  Point  (SSCP), 


which  acts  as  a  focal  control  point 
for  establishing  and  terminating 
sessions,  thus  giving  SNA  its  cen¬ 
tralized  flavor.  For  the  purpose  of 
this  discussion,  we  will  refer  to 
SSCP  simply  as  the  session  con¬ 
trol  manager. 

Network  management  func¬ 
tions  are  implemented  in  all  SNA 
nodes  with  different  levels  of  func¬ 
tionality.  For  example,  all  periph¬ 
eral  nodes  can  collect  statistics 
and  relay  them  to  the  Network 
Control  Center  (NCC).  IBM  imple¬ 
ments  the  actual  functions  for  the 
NCC  within  an  application  known 
as  the  Network  Communications 
Control  Facility  (NCCF).  NCCF  re¬ 
ceives  from  VTAM  all  network 
management  messages.  Using 
NCCF,  network  managers  (by  us¬ 
ing  3270  terminals)  are  capable  of 
displaying,  tracking  and  modify¬ 
ing  the  status  of  their  network. 

In  order  to  diagnose  any  prob¬ 
lems  on  sessions.  IBM  developed  a 
program  product  known  as  the 
Network  Logical  Data  Manager 
(NLDM),  which  resides  within 
NCCF.  NLDM  provides  NCC  with 
the  capability  to  track  and  diag¬ 
nose  any  problems  in  a  session. 


It’s  like  having  a  stethoscope  into 
any  session  (see  Figure  1,  Page 
48). 

In  addition.  SNA  networks  uti¬ 
lize  very  intelligent  backbone 
components  (3725s  or  PU  Type 
4).  These  backbone  components 
play  a  key  role  in  statistical  and 
alarm  management,  perform  link 
diagnostics,  relay  network  status 
to  NCCF  and  control  all  dumb  pe¬ 
ripheral  nodes.  For  example,  if  us¬ 
ers  would  lose  terminals  in  a  sub- 
area  network,  PU  4  nodes  are 
capable  of  generating  and  sending 
alarms  to  the  session  control  man¬ 
ager  which,  in  turn,  relays  them  to 
NCCF.  Yet,  because  every  LU 
a  session  into  the  mainframe 
der  the  supervision  of  the  ses 
control  manager)  all  sessions 
ate  a  logical  star  network  wit! 
host  as  the  center  (see  Figure  2, 
Page  48). 

In  other  words,  regardless  of 
the  physical  network  topology,  all 
sessions  still  end  in  the  host.  Only 
host  and  host-based  program 
products  can  detect  any  exception 
conditions  and  take  corrective  ac¬ 
tion.  With  the  NLD.  therefore, 
IBM  offers  NCCF-based  network 


Computer  communications  has  become  one  of 
the  most  important  keys  to  corporate  growth. 
But  as  important  as  communications  might  be 
to  most  businesses,  it  is  even  more  critical  to 
the  transportation  industry. 

Although  Ryder  System,  Inc.,  headquartered 
in  Miami,  saw  revenue  of  $2.5  billion  in  1984,  a 
22%  increase  over  1983  and  the  eighth  of  nine 
years  of  record  earnings,  management  is  not  sit¬ 
ting  idly  by  counting  its  blessings.  Most  of  their 
profits  are  derived  from  their  transportation 

divisions;  and  the  competition  in  cle  maintenance.  Many  of  Ryder's 
the  transportation  industry,  par-  customers  lease  entire  fleets  of 
tially  due  to  deregulation,  is.  trucks,  replacing  the  familiar  Ry- 
mighty  stiff.  Their  mission  is  to  der  yellow  paint  with  their  own 
find  the  competitive  edge,  and  colors  and  logos, 
communications  is  one  way  they  While  some  of  RTR's  customers 

see  to  achieve  that  goal.  opt  for  only  the  basic  truck  rental, 

By  far  the  largest  division  in  Ry-  the  majority  also  choose  to  have 
der  is  Ryder  Truck  Rental,  Inc.,  RTR  run  a  good  part  of  the  opera- 
(RTR)  with  headquarters  in  Miami  tion.  And  RTR’s  overwhelming 
and  120  district  offices  plus  500  concern  is  the  same  as  the  rest  of 
branch  offices  nationwide.  RTR  the  corporation:  providing  superb 
rents  or  leases  approximately  customer  service  in  as  highly  com- 
75,000  trucks,  and  its  customers  petitive  an  industry  as  exists  to- 
can  add  options  that  may  include  day.  What  that  really  boils  down 
drivers,  fuel,  insurance  and  tahi-  to,  according  to  Scott  Ambler, 


RTR  director  of  management  in-  on  leased  lines  in  an  asynchronous 
formation  systems  technology,  is  mode  with  multiplexers  at  each 
“how  you  structure  your  comput-  end,  primarily  using  personal 
er  and  communications  facilities  in  computers  and  IBM  Display- 
a  way  that  supports  a  customer-  writers.  The  asynchronous  speed 
oriented  decentralized  manage-  of  transmission  is  300  to  1,200 
ment  style  —  a  style  that  provides,  bit/sec.  Each  night  when  85%  of 
information  for  the  corporation  at  the  transmission  takes  place,  dis- 
a  central  level  without  imposing  trict  offices  utilize  bisynchronous 
undue  paperwork  on  the  busi-  transmission  at  2,400  to  4,800 
ness."  bit/sec  to  send  headquarters  its 

Although  Ambler’s  definition  daily  tallies.  Headquarters  then 
would  pertain  to  any  kind  of  busi-  generates  the  daily  profit-and-loss 
ness,  Ryder's  communications  statement  that  is  in  the  district  of- 
strategy  is  particularly  applicable  fices  the  next  morning, 
to  a  company  whose  main  busi-  While  RTR  is  very  efficiently 
ness  is  to  keep  moving.  At  Miami  running  its  business  with  the  com- 
headquarters  there  is  a  large  IBM  munications  protocols,  hardware 
mainframe  complex  that  supports  and  technology  available  today, 
the  field  organization.  Each  of  the  Jack  Cay.  manager  of  telecomm- 
120  district  offices  is  its  own  profit  munications  for  RTR.  sees  even 
center,  and  each  is  managed  in  a  more  exciting  developments  not 
way  that  provides  incentives  to  too  far  down  the  road.  RTR  is 
management  at  that  field  level  for  looking  at  many  different  ways  of 
its  own  bottom-line  profit  perfor-  telecommunicating,  including  the 
mance.  “The  district  managers  interfacing  of  different  kinds  of 
have  a  lot  of  autonomy,"  Ambler  electronics  to  pull  information 
explained.  “They  really  run  their  from  truck-based  on-board  com¬ 
own  $10-  to  $20-million  dollar  puters  (see  sidebar).  Gay  has  re¬ 
businesses  themselves.”  cently  had  discussions  with  a 

At  present,  branch-to-district  small  engineering  company  that 
communications  are  taking  place  wants  to  put  modulation  devices 
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on  ih«  headlights  of  the  trucks  and  a  re¬ 
ceptor  at  the  fuel  island.  A  blink  of  the 
headlights  would  automatically  transfer 
the  information  from  the  on-board  com¬ 
puter  to  the  receiving  device  on  the  fuel 

In  1986.  Cay  said,  the  capability  will 
exist  to  send  locator  information  from  the 
vehicle  to  the  base  station.  By  1987.  he 

Andby 1988  or  1989.>Cay  believes  that 
cost-effective  communications  via  satel¬ 
lite  with  over-the-road  vehicles  will  be  a 

"With  the  Ceostar 'system  [Ceostar 
Corp..  Princeton.  NJ..  developers  of  a 
satellite  system  known  as  radiodetermin- 


In  1 986,  Ryder  said  the  capability  to  send 
information  from  the  vehicle  to  the  base 
station  will  exist.  By  1987,  Ryder  expects  to 
see  two-way  communication.  And  by  1988  or 
1989,  Ryder  believes  that  cost-effective 
communications  via  satellite  with  over-the- 
road  vehicles  will  be  a  reality. 


ssed.  If  highway  taxes  show  a  debit 
Ohio  and  a  credit  for  Kentucky,  a 
k  will  be  rerouted  for  fuel  to  Ken- 
cy  instead  of  Ohio. 


In  addition  to  the  assigned  routes, 
drivers  are  allotted  just  enough  fuel, 
oil  and  anticipated  maintenance  mon¬ 
ey  required  to  complete  the  trip.  They 
may  be  required  to  fill  their  fuel  tanks 
with  one  of  four  or  five  different  kinds  of 
fuel  and  only  at  self-service  pumps.  They 
may  be  allowed  to  purchase  oil  on  a  pour- 
only  basis  instead  of  buying  a  case  or  two 


»l 

Another  service  FCS  makes  available  to  its  customers 
for  a  nominal  fee  is  a  piece  of software  that  takes  all  the 
information  gleaned  from  either  voice  or  electronic  data 
and  creates  reports. 
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Two  recent  announce¬ 
ments  by  IBM  have 
clearly  demonstrated 
the  company's  contin¬ 
ued  commitment  to 
drive  its  distributed  processing 
systems  forward.  One  is  the  long 
anticipated  announcement  of 
IBM's  Token-Ring  local-area  net¬ 
work.  Although  an  incomplete 
package  when  announced  last  Oc¬ 
tober.  the  immediate  public  reac¬ 
tion  by  major  local-area  vendors 
including  3Com  Corp.;  Proteon, 
Inc.;  Ungermann-Bass,  Inc.; 
Bridge  Communications.  Inc.; 
Nestar  Systems,  Inc.;  Novell,  Inc.; 
and  others  indicated  the  viability 
of  token-ring  as  a  network  stan¬ 
dard  for  a  long  time  to  come.  To¬ 
ken-Ring,  a  twisted-pair  wire  to¬ 
ken  passing  network,  along  with 
IBM's  broadband  PC  Net  and  to¬ 
ken-bus  broadband  Industrial  Net¬ 
work,  is  a  milestone  in  the  compa¬ 
ny’s  publicized  strategy  to 
interconnect  microcomputers, 
minicomputers  and  mainframe 
systems  under  its  System  Network 
Architecture  (SNA). 

The  second  announcement  was 
IBM's  APPC/PC  software  pack¬ 


age  that  implements  an  LU  (Logi-  other  systems.  With  LU  6.2  imple- 
cal  Unit)  6.2  program-to-program  mentation,  personal  computers 
communications  interface  for  mi-  can  communicate  directly  and  in- 
cros  on  the  network.  LU  6.2,  also  teractively  with  minisystems  in- 
referred  to  as  Advanced  Program-  eluding  the  8100,  System/36, 
to-Program  Communications  System/38  and  Series/ 1  and  to 


LU 6.2,  therefore,  has  the  capability  to 
become  the  key  for  a  universal  network 
operating  system. 


(APPC),  had  been  running  on  Sys¬ 
tem/36  and  System/38  minicom¬ 
puters  and  other  devices,  but  not 
on  microcomputers.  In  order  to 
access  the  peer-to-peer  facilities  of 
LU  6.2  resident  on  the  mainframe, 
personal  computer  users  had  to 
connect  through  a  System/36  un¬ 
der  CICS,  a  terminal  communica¬ 
tions  software  component  of  Dis¬ 
tributed  Office  Support  System 
(Disoss).  APPC/PC,  however,  is 
IBM's  first  release  of  LU  6.2  for 
microcomputers  for  direct  links  to 


the  company's  large  4300,  3080 
and  370  mainframes.  To  many  ob¬ 
servers.  both  the  Token-Ring  and 
APPC/PC  products  are  further 
steps  in  IBM's  plans  for  mastering 
universal  intermachine  connectiv¬ 
ity  for  its  products  with  network 
control  and  command  procedures 
built  around  the  micro. 

Beyond  this,  however,  LU  6.2  is 
being  supported  by  other  comput¬ 
er  manufacturers  including  Digi¬ 
tal  Equipment  Corp.  and  Apple 
Computer,  Inc.  as  quick  migration 


routes  into  IBM's  SNA  world.  Fur¬ 
ther  developed  by  third-party  soft¬ 
ware  houses,  LU  6.2  will  eventual¬ 
ly  be  built  into  many  computer 
products,  including  non-IBM 
equipment,  and  will  provide  com¬ 
munications  between  the  distrib¬ 
uted  resources  of  networks.  LU 
6.2,  therefore,  has  the  capability 
to  become  the  key  for  a  universal 
network  operating  system. 

Developed  in  1982,  LU  6.2  es¬ 
sentially  incorporates  and  super¬ 
sedes  existing  SNA  LU  types  un¬ 
der  a  strict  input/output 
hierarchy  centered  around  a  main¬ 
frame.  Earlier  LUs  defined  two- 
way  interactions  between  the 
mainframe  and  a  specific  3270 
hardware  device  or  node.  For  in¬ 
stance.  LU  1  is  used  for  host  pro- 
gram-to-device  communications 
using  EBCDIC  mainframe  codes 
such  as  printers.  LU  2  is  used  for 
communications  between  a  host 
and  a  display  terminal  using  3270 
communications.  LU  3  for  host-to- 
printer  communications  using 
3270  communications  and  LU  4 
for  host-to-device  communica¬ 
tions  between  two  peripheral 
nodes.  LU  4  may  implement  both 


vice.  An  end  user  wishing  to  access  host 
files  from  a  display-only  or  dumb  termi¬ 
nal.  for  example,  would  activate  a  conver¬ 
sation  with  the  host  by  automatically 
identifying  his  device  type.  The  host 
would  then  send  the  data  requested  via 
SNA  transport  messenger  and  format  it 
according  to.  the  terminal's  screen  pre- 

While  SNA  communications  worked 
well  under  IBM's  concept  of  mainframe- 
to-device  resource  sharing,  it  couldn't  an¬ 
cestor  on  the  host’s  network.  Before  LI 
6.2.  there  was  no  generic  LU  type  for 
conversations  between  distributed  pro¬ 
cessors  on  the  network.  Therefore,  mi¬ 
crocomputers  had  to  disguise  themselves 
as  dumb  terminals  in  order  to  access  host 
data.  This  not  only  invalidated  the  mi- 

the  network,  but  had  the  tendency  to  reg- 


5 pooling  requirements  in  a  single  session. 
This  is  the  strategic  importance  of  LU 

6.2. 

LU  6.2  is  a  single  Ll'  type  for  all  IBM 
and.  in  the  future.  non-IBM  products  that 
support  distributed  processing.  The  LU 
6.2  protocol  boundary  contains^set  of 

mon  syntax  and  semantics  for  the  way 
transaction  programs  interact  with  SNA. 
This  gives  users  a  standard,  uniform  lan¬ 
guage  for  designing  and  implementing 

trok  a  certain  set  of  protocols  that  build 
upon  the  previous  ones  to  form  an  inte¬ 
grated  system  for  managing  data  commu¬ 
nications  on  the  network.  At  its  position 
in  the  sixth  presentation  services  layer. 
LU  6.2  builds  upon  the  LU-binding  fea¬ 
tures  of  the  sessions  layers  that  facilitate 
communications  between  LUs  by  per¬ 
forming  the  following  functions. 


LU  6.2  will  make 
possible  a 
distributed 
processing  system 
that  will  let  users 
access  and  process 
documents  more 
quickly  and 
efficiently. 


interactively  processing  and  interchang- 


concept  of  local  networks.  Users  can  take 
advantage,  therefore,  of  inexpensive  AS¬ 
CII-type  terminals  and  mainframe  stor¬ 
age  capabilities  while  enhancing  local 
processing  options. 


areas  that  were  not  available  be- 
iving  MIS  managers  greatef  flexi- 
for  defining  data  processing' 
ons.  For  instance,  under  LU  .6.2 
in  be  located  automatically  any- 
on  the  network,  without  th 


critical  element  of  LU  6.2  for  network  op-  having  to  know  the  specific  location.  Us- 
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In  the  world  of  IBM  and  Sperry 
mainframes,  only  one  family  of  data  commu¬ 
nications  products  can  bring  all  your  local 
and  remote  asynchronous  ASCII  peripherals 
into  the  fold. 

Avatar. 

The  reason?  No  other  company  has 
devoted  as  much  time  and  engineering  exper¬ 
tise  to  the  refinement  of  protocol  conversion 
technology,  micro-to-mainframe  links  and 
the  integration  of  communication  resources 
for  the  people  who  have  to  use  them. 

The  result?  The  most  complete,  most 
functional,  most  useable  line  of  data  commu¬ 
nications  products  in  the  IBM  and  Sperry 
mainframe  environments: 

Protocol  converters  that  allow 
ASCII  terminals,  personal  computers,  and 
printers  to  attach  to  the  IBM  3270  network. 
Products  like  the  popular  PA1 500  that  allow 
virtually  any  ASCII  printer  to  emulate 
the  IBM  3287.  And  the  RRV2000  that  allows 
IBM  3270  terminals  to  be  used  in  local  area 
or  public  data  networks.  Micro-to-main- 
frame  link  products  like  Avatars  TURBO 
and  MacMainFrame  that  allow  personal 
computerstiedtoIBMmainframestoshare 
files  with  the  host  and  capture  selected  data. 
Network  controllers  stich  as  the  powerful  : 

MPA6000  which  form  the  hub  for  integrating 
the  resources  of  IBM,  Sperry,  and  ASCII 
devices.  And  even  the  connector  products 
you  need  to  tie  everything  together. 

Find  out  how  Avatar  can  help  your 
company's  data  processing  resources 
establish  their  own  family  ties,  all  us  now 
31(617)435-6872. 


Avatar 


Where  Value  Is  Communicated 


99  South  Street,  Hopkinton,  MA01748 

(617)435-6872 

TELEX:  (710)390-0375 


